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Introduction
Australian football (AF) is a high-intensity intermittent team sport that involves a combination of physical and technical components. Physical testing batteries are used to monitor the physical attributes of players throughout the season and have been used to discriminate high standard players from low standard players within multiple team sports. 1, 2 Despite the importance of one's physical qualities to their playing standard, physical fitness tests also have the ability to predict team selection. 2, 3 Compared with non-selected players, selected junior rugby league players were faster over 10-40 metres and demonstrated superior vertical jump and maximal aerobic power. 2 Similarly, individuals selected to play in elite men's AF teams covered greater distances on the Yo-Yo intermittent recovery test compared to nonselected players. 3 Furthermore, elite senior AF players selected for the first competitive game of the season were older and more experienced than the non-selected players. 3 In contrast, physical attributes are suggested to be less important for discriminating starters and non-starters in junior volleyball squads, while sport-specific skill qualities have been shown to be more important to a player's selection. 4 Collectively, these findings demonstrate that physical qualities are important to selection in most team sports, but it appears that the specific qualities contributing to team selection differs across sports.
Physical qualities of team sport athletes are known to be related to match running performance. 5, 6, 7 For example, maximum sprint velocity has been strongly linked to the amount of moderate-and high-speed running performed by semi-elite and recreational AF players. 8 Furthermore, separate studies have reported associations between intermittent-running ability and both high-speed and total distances covered during elite AF match-play. 9, 10 While these studies provide some insight into the influence of different physical qualities on physical match performance, they have largely involved elite and sub-elite playing groups. Given these populations encompass only a small proportion of participants in sport, a need exists to further "The Influence of Physical Qualities on Activity Profiles of Female Australian Football Match-Play" by Black GM et al.
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explore the demands of recreational team sports. Furthermore, despite growing evidence in support of the use of physical quality tests for discriminating selected male athletes from their non-selected counterparts, the evidence for the use of such assessments for female playing groups is far less substantive. Given the vast differences in physical preparation between male and female AF environments, there is a need to explore the influence of physical qualities on female AF team selection, and gain an understanding of which, if any, qualities require further development.
In accordance with research involving male athletes, 11 prolonged high-intensity running ability was associated with greater total and high-speed running distances in female soccer players. 12 Additionally, a small number of studies have reported positive relationships between the playing standard of female soccer players and their sprinting 13 and jumping 14 performance.
Furthermore, it has been shown that female soccer players with faster sprints perform at a lower proportion (77%) of their maximal speed during matches than players with slower speed (84%), 15 
Design
An observational cohort study was used to investigate the influence of physical qualities on running demands in female AF players. Initial physical quality testing was completed at the end of preseason and activity profiles were measured using Global Positioning System (GPS) body. Players were instructed to keep their hands on their hips for the entire trial and to jump as high as possible. The players received no instruction as to the depth of the countermovement.
Players performed 3 jumps separated by 60-seconds rest and the best performance was recorded as peak power. The typical error of measurement (TE) for the CMJ peak power measure was 4.1% for this population.
The 30-metre sprint test was performed cross-wind using dual-beam electronic timing gates (Swift Performance Equipment, New South Wales, Australia, TE=0.04s) and provided an assessment of running speed. 17 The starting gate was positioned 30 cm from the participant's front foot, with further gates then positioned at 5, 20 and 30 metres. The fastest of three 30 metre sprints was recorded. A three-minute recovery was allowed between sprints.
Acceleration was calculated from the 0 to 5-metre timing gates and peak velocity was noted between the 20 and 30 metre timing gates.
To assess prolonged high-intensity running ability, each player completed the Yo-Yo were removed from the test, the total distance covered was recorded as the Yo-Yo IR1 score.
As players were unfamiliar with the test the first two levels were incorporated into the warmup. The typical error of measurement for the Yo-Yo IR1 has been reported as 4.9%. 18 Following the physical assessments, activity profiles were recorded for each participant using global positioning system (GPS) units during at least 4 competitive season matches (mean ± SD: 5.1 ± 0.6; range: 4 to 6; total GPS files: 232) played throughout the 2016 competitive season. Match activity profiles were obtained for three positional groups. Half-line were removed for the time period players were rotated or interchanged off the field.
Statistical Analyses
Differences in physical qualities between selected and non-selected players were compared for null-hypothesis testing (SPSS 19.0, SPSS Inc, Chicago, IL, USA). Data were first tested for normality using a Shapiro Wilk test. Differences between groups were investigated using independent t-tests (normal data) or a Mann-Whitney U test (non-normal data). Statistically significant (p<0.05) physical quality variables were included in a linear discriminant analysis that aimed to determine which of the physical attributes contributed to selected or non-selected group classification. A regression equation was created that was used to predict whether a player would be included in the selected or non-selected group. A linear mixed model with a fixed effect for team selection and a random effect for individual player identity was used to examine each GPS variable. The random effect for player identity was included to account for the dependence arising from repeated measurements of running 21 Magnitudes of differences between the two groups were classified as substantially greater or lesser when there was a ≥75% likelihood of the effect being equal to or greater than the smallest worthwhile change, estimated as 0.2 x between-subjects SD (small ES). A custom Excel spreadsheet was used to determine ES and confidence intervals. The relationship between tests of physical qualities and match activity profiles, controlling for playing position, is shown in Table 3 (Table 3) .
Discussion
This study investigated (1) the physical qualities that discriminate selected and nonselected female AF players, (2) the activity profiles of female AF players, and (3) the influence of physical qualities on running performance in female AF match-play. Consistent with research on junior elite male AF players, 1,11 selected female AF players were faster over 30 metres, had a higher peak velocity and superior prolonged high-intensity running ability. The greater prolonged high-intensity running ability and speed would likely enable selected players to place themselves in more advantageous positions to receive the ball during match-play. In partial agreement with previous research in elite senior male AF players, 3 the selected players were more experienced, however age did not influence team selection in this population.
Acceleration, peak running speed and high-intensity running ability were all associated with greater high-speed running distances during match-play, suggesting that such physical attributes may influence team selection and match activity profiles in female AF players.
Support for this notion was provided by the discriminant analysis, which showed that a combination of speed and high-intensity running ability are important in team selection of female AF players. However, it is worth considering that the presented discriminant model was more successful at classifying players who were not selected in the Academy squad, suggesting that other factors, such as skill performance, may be better predictors of team selection in female AF players. 4 With this in mind, the inclusion of skill-based testing in future team selection processes warrants investigation.
The associations between speed and high-speed running distances during matches support the importance of running speed to a player's performance during female AF match-
play, but the lack of relationships between lower body power and match running performances was unexpected. For male team sport athletes, both lower body power 23 and acceleration 3 have been shown to discriminate higher standard athletes from lower standard athletes and starting players from non-starting players. The absence of relationships between lower body power, acceleration and running performances in female AF players may have been influenced by the lack of access to training facilities and limited exposure to systematic strength and power training; potentially limiting their capacity to specifically focus on strength and power development. 24, 25 These findings appear to highlight the importance of more sport-specific training, as further development of these attributes may influence the players' peak running speed 25 and, in turn, match running performances.
Consistent with elite male AF research, 26 the positional activity profiles of female AF match-play varied considerably. Midfielders covered greater total, relative, low-, moderate-, and high-speed distances than both half-line and full-line players. Furthermore, activity profiles were greater for half-line players than full-line players. High-speed running distances were similar across the three positions in the selected group. Conversely, non-selected midfielders covered more high-speed running distance than other non-selected players. In agreement with previous research, 12 the distances covered at high-speed were closely related to performance on the Yo-Yo test. The selected midfielders covered greater total distances than non-selected players as a direct result of greater playing time. Although there were no differences in overall work rate between groups, it is likely that the superior Yo-Yo IR1 scores allowed selected players to remain on-field for extended periods of time while still matching the intensity of non-selected players. However, to increase work rate, coaching staff should seek to rotate selected players more regularly to better utilise these higher-skilled players throughout the match. respectively). To aid in the advancement of female AF, players should be exposed to greater amounts of high-intensity running in training.
Conclusion
This is the first study to investigate the influence of physical qualities on team selection and activity profiles in female AF match-play. The findings demonstrated that players who are faster and have greater intermittent running ability are more likely to be selected to a State Academy program and that midfielders perform more activity during match-play than half-line and full-line players. These results provide important information that can be used to establish appropriate preseason training programs to maximise the preparedness of the entire playing group competing in the National Women's AF competition. Future research should extend upon these findings by investigating differences in the activity and skill profiles of players competing in the National competition and by recruiting players from a wider range of female football academies.
Practical Applications
The assessment of speed and high intensity running ability is vital for female AF players as these qualities can influence both team selection and activity profiles. The reported average match intensities should be used as a starting point for training programs; however preseason training should aim to expose these players to increasing intensities. Specifically, coaching and conditioning staff may choose to incorporate high-intensity work rates of elite junior male AF competition and use those intensities as benchmarks for future training. Physical fitness should 
